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Phytotoxicology Moss Bag, Vegetation, and Soil Surveys in the Vicinity

of the IVACO l\/letal Recycling Plant in Longueuil Township near L'Orignal
- May through November, 1991

Introduction

During 1991, moss bag, vegetation and soil surveys were conducted by the

Phytotoxicology Section, in conjunction with MOE Cornwall staff, in the vicinity of the

IVACO metal recycling plant in Longueuil Township near L'Orignal. Since 1980, several

Phytotoxicology assessment surveys have been conducted to assess the status of metal

emissions from IVACO. The surveys were requested by the MOE Southeast Region.

Description of Phytotoxicology Surveys

Moss Baa Survey (May to November. 1991)

On May 13, 1991, moss bags were placed at the same sites (1 to 12 ) as in May 1986,

with two exceptions. Site 1 2 was relocated across the road from the original site and Site

2 was moved slightly farther away from the railroad. The moss sites were situated at

increasing distances to the north (N), south (S), east (E) and west (W) of IVACO (Figure

5). At each site, a single moss bag was placed at a height of about 3 meters on a
telephone or hydro pole. The moss bags were replaced approximately every 30 days
through to mid-November by Mr. G. Murphy, MOE Cornwall. The exchange dates and
corresponding exposure intervals are shown in Table 1 below.

Table 1 : Moss



Previous moss bag surveys were conducted during October 1984 to April 1985, during

May 1986 to April 1987 and during July 1987 to January 1988.

Maple Foliage and Soil Sampling (August 20, 1991)

On August 20, 1991, duplicate samples of maple foliage and surface soil (depth 0-5 cm)
were collected using standard sampling techiniques at 10 residential sites (1, 4, 6, 8, 9,

10, 11, 12, 19, 29), including 2 park sites (8, 12), whiere sampling was conducted in

previous years. These sites are the same as those used in the 1987 soil survey. Park

Site 8a (new in 1991) also was sampled (see Figure 6). Tree foliage and soil samples
were both collected from the same properly, except at Site 12. From the Site 12 area,

soil was sampled in the park, while maple foliage was sampled on a neighbouring

residential property. All maple foliage was collected from middle branches that were
facing the IVACO plant.

Previous maple foliage (F) and/or soil (S) sampling had been conducted in the IVACO
survey area in 1980 (F,S); 1981 (F); 1983 (F); 1984 (F.S); 1986 (F) and 1987 (S).

Sample Processing and Analysis

All samples (moss bags, foliage, soil) were submitted to the Phytotoxicology Section

Processing Laboratory. Here, the samples were dried, ground and stored in glass jars.

They were then submitted to the MOE Laboratory Services Branch for analysis of

aluminum (AI), cadmium (Cd), chromium (Cr), cobalt (Co), copper (Cu), iron (Fe), lead

(Pb), manganese (Mn), molybdenum (Mo), nickel (Ni), sodium (Na), strontium (Sr),

vanadium (V) and zinc (Zn).

Analytical Results

Moss Baa Results

The moss bag analytical results for the six monthly exposures between May and
November (1991) are summarized in Tables 2 to 15. Minimum and maximum
concentrations and the six-month (May-November) site means for each metal are

compared between sites close to IVACO and those more remote. The data have not

been standardized for a 30 day exposure period. The Phytotoxicology Upper Limit of

Normal (ULN) guidelines are also shown (for elements with a ULN).

Results for Elements with ULN Guideline(s)

Upper limit of Normal (ULN) guidelines for moss have been established for all elements
except Mn, Mo, Na, Sr and V. In the case of Cr and Co, only an urban ULN has been
established. The data show that only the highest concentrations of Cr, Cu, Fe, Pb and
Zn were in excess of the ULNs, an indication that these were the primary metals emitted



from IVACO during the study period. The moss bag sites close to IVACO (less than 1000

m) generally had higher concentrations of these metals than more remote sites (greater

than 1750 m), a further indication that IVACO is an emission source of Cr, Cu, Fe, Pb
and Zn. Of these metals, mean concentrations of Fe and Zn at sites close to IVACO
were increased by the largest degree compared to both the more remote site means and

the baseline (blank) means. The Fe mean of the seven close sites (1 169 ppm) was 429
ppm higher than the baseline mean (740 ppm), while the Zn mean of the close sites (1 57
ppm) was increased above the baseline mean (42 ppm) by 115 ppm.

The ULN guidelines for Cr, Cu, Fe, Pb and Zn were exceeded most frequently at Site 1

(near NE corner of IVACO), Site 3 (S perimeter). Site 9 (near NW corner) and/or Site 12

(near SE corner). These ULNs also were exceeded occasionally at Site 2 (near E
perimeter) and Site 7 (near N perimeter).

A few remote sites also occasionally exceeded the rural ULNs for Cu, Pb and Ni (Tables

6, 8 and 1 1 ). However, because of the distance and the lack of a consistent contaminant

gradient at the remote sites, these elevated values were not related to IVACO.

The 7 ppm Cr ULN (urban) was marginally exceeded only on two occasions at Sites 1,

3 and 7 (range 8-11 ppm. Table 4). Although Fe showed the greatest increase above
baseline levels, the rural ULN (1700 ppm) was marginally exceeded only on a single

occasion at Site 3 (2200 ppm. Table 7). These results suggest that IVACO was a minor

source of these metals during the study period.

IVACO emissions appeared to be a more consistent source of Cu, Pb and Zn (particulariy

Zn) than of other metals, as the rural ULNs for these metals were exceeded at three sites

(1 , 9 and 1 2) during most exposures. At sites close to IVACO, the njral ULNs for Cu and
Pb were each exceeded a total of 13 times, while the rural Zn ULN was exceeded 24

times (Tables 6, 8 and 1 5, respectively). However, in the case of Cu, the two highest six-

month mean concentrations of 10 and 16 ppm were only marginally elevated (rural ULN
8 ppm). With Pb, only one site had a six-month mean (41 ppm) that was marginally

elevated (rural ULN 35 ppm). In the case of Zn, five of the seven moss sites close to

IVACO had a six-month mean (range 138-273 ppm) that was greater than the rural ULN
(100 ppm)). However, none of the moss samples were found to have a Cu, Pb or Zn
concentration that exceeded the urban ULNs (Cu 60 ppm, Pb 200 ppm, Zn 800 ppm).

This is an indication that even though IVACO was a consistent source of these metals

during the study period, the environmental significance of the Cu, Pb and Zn emissions

was relatively minor in regards to contamination of the terrestrial environment.

Table 16 compares the 1991 moss bag Cr, Cu, Fe, Pb and Zn results for all sites close

to IVACO with the corresponding May to November 1 986 results. The July to November
data for 1986 and 1991 have also been summarized for these elements so comparisons

could be made with 1987 (see Table 17). These tables show that, in comparison to 1986
and 1 987, the six-month (May-November) and four-month (July-November) means for Cr,



Cu, Fe and Pb were lower in 1991. Cr and Fe showed the greatest reduction, with the

1991 six-month Cr and Fe means for sites close to IVACO, on average, being about 40

to 55% lower than 1986. The 1991 four-month Cr and Fe means, on average, were 50

to 55% lower than 1986 and 1987 (see Figures 1 to 4). Tables 16 and 17 also show that

the ULN guidelines for Cr, Cu, Fe and Pb were exceeded on fewer occasions in 1991.

For example, in previous years, the six-month and four-month Cr and Fe means were
above the respective ULN guidelines at most sites. In 1991, the Cr and Fe ULNs were
not exceeded at any sites. On average, mean Zn concentrations and number of

exceedances increased marginally in 1987 and declined in 1991 to levels that were
comparable to 1986. These results further indicate that, overall, metal emissions from
IVACO were reduced in 1991.

Moss Bag Results for Mn, Mo, Na, Sr, V

As ULN guidelines for these metals have not been established, the results were
compared with the data collected from remote sites. r\/loss bag concentrations of Mn
were generally higher at sites close to IVACO, with the six-month means showing a
similar pattern, indicating that IVACO is likely a source of Mn. However, even the highest

six-month Mn means of 257 and 263 ppm (Sites 1 and 3) were just marginally higher than

the remote site means (range 1 74-21 5 ppm), indicating that IVACO emissions of Mn were
minor during the May through November study period. Mo, Na, Sr and V concentrations

were either lower or no different, on average, at the sites close to IVACO compared to

the more remote sample sites. Therefore, IVACO is not likely a source of these metals.

Maple Foliage Results

Table 18 shows the metal concentrations that accumulated in maple foliage during the

growing season through to mid-August (1991). In the previous report (ARB-1 14-88-

Phyto), the foliar site numbers corresponded with the moss bag sites. In this report, the

foliage site numbers have been changed to correspond with the soil sites that were
sampled in 1987 or earlier, as the tree foliage samples were collected from the same
property or general area as the soil samples.

In Table 18, the foliage results are compared with both the rural and the urban ULNs.
A rural ULN has not been established for Mn. No ULNs have been established for Sr.

The highest foliar concentrations of most metals were detected at Site 11, which is

situated near the main entrance to IVACO. At this site, foliar concentrations of Fe (535
ppm) were slightly greater than the rural ULN (500 ppm). The concentration of Mn at Site

11 (165 ppm), as well as at Site 12 (145 ppm), was marginally elevated compared with

the urban ULN (1 00 ppm). Foliar concentrations of Na were marginally above the 50 ppm
rural ULN at Sites 6 (56 ppm) and 9 (66 ppm).

At Site 1 1 , foliar concentrations of Cd, Cr, Cu, Pb, and Zn also were generally higher than
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at other sites, but concentrations of these metals were below the rural ULNs. Foliar

concentrations of Sr also were higher at Sites 6 and 9 than at other sites. Sr may be
naturally higher in Manitoba Maple foliage than in other maples. The Sr in soil at Site 9

may also have contributed to the foliar elevation at this site (Table 20). As both Na and
Sr foliar concentrations were relatively low at Site 1 1 (where other metals were elevated),

and as the moss bag data indicated that IVAGO emissions of Na and Sr were insignificant

in 1991 , IVACO was not likely the source of the Na and Sr at Sites 6 and 9. Regardless,

the foliar Na and Sr concentrations at these sites were not unusually elevated above
normal.

In Table 19, the maple foliage results are compared with the corresponding previous

year's results. Though concentrations of a few metals (e.g. Zn) at some sites increased

marginally through to 1 991 , foliar concentrations of most elements in 1 991 (including Fe)

were amongst the lowest to be detected since foliage sampling began in 1 980. The rural

ULN for Fe was exceeded only at one site in 1991 compared to three sites in 1986 and
1984 and two sites in 1983 and 1980. The other elements that exceeded the ULNs in

1991 (Mn, Na) were not analyzed in previous years and were not likely associated with

IVACO emissions. At the sites with a reduction in Fe levels in 1 991 (Sites 1 , 6, 9, 1 1 and

19), Fe levels were lower (on average) by 35% compared to 1986. At sites where Cr
decreased, Cr levels were lower by 46% from 1986. These results corroborated the

reduction in Cr and Fe levels in the moss bags and further indicate that IVACO metal

emissions were reduced in 1991.

Soil Results

Table 20 shows that soil concentrations of most metals were highest at Site 1 (to N), Site

11 (to S), and/or Site 12 (to N) in the area of IVACO. The soil metal concentrations

shown below exceeded the njral ULNs.

Site 1 - Cr 115 ppm; Fe 39500; V 87 ppm; Mn 725 ppm; Cu 65 ppm; Ni 62 ppm;
Site 11 - Cr 110 ppm; Fe 36000; V 84 ppm; Mn 840 ppm;
Site 12 - Cr 1 10 ppm; Fe 36000; V 77 ppm
Site 8 - Cr 51 ppm
Site 8a - Cr 82 ppm
Site 19 - Cr 53 ppm

The Cu, Fe, Mn, Ni and V exceedances were marginal compared to the njral ULNs (Cu

60 ppm, Fe 35000, Mn 700 ppm. Ni 60 ppm, V 70 ppm). The Cr ULN was exceeded at

six of the eleven sampling sites, including remote Sites 8 and 8a. The highest Cr levels

of 1 1 to 115 ppm were more than double the rural ULN (50 ppm). The fact that soil Cr
levels greater than the 50 ppm ULN also were found at two of the four remote sites

sampled in 1987, and at the original control site in 1980 (66 ppm), suggests that

background Cr levels in the area may be naturally elevated. However, because the

higher Cr concentrations were close to IVACO, it is suspected that IVACO has contributed



to the elevated soil Cr levels found in the area.

Soil concentrations of AI, Na and Sr, for which ULN guidelines have not been established,

also appeared elevated at sites close to IVACO. In the immediate area of IVACO, the

highest soil concentrations of AI and Na were found at Sites 1,11 and 12, where the

highest soil concentrations of other metals were detected. This pattern implicates IVACO
as a contributor. However, AI also was elevated at remote park Site 8a (36500 ppm),

which suggests that some soils in the area are naturally high in AI. The concentration of

A! in soil is highly variable, depending on soil characteristics (e.g clay content), with the

normal range for Ontaho parkland soils being 4000 to 36000 ppm. Compared with this

range, the soil concentrations of AI at Sites 1 and 12 (37500 and 39500 ppm), to the

north of IVACO, appear to be marginally above normal. The normal range for Na in

Ontario parkland soils is 23 to 1600 ppm, and for Sr is 7 to 145 ppm. Compared with

these values, even the highest Na soil concentration in the survey area (635 ppm - Site

1) is well within a normal range. The highest soil value for Sr (150 ppm - Site 9) is very

close to nonnal.

in Table 20, the soil results are compared to the MOE soil clean-up or decommissioning
guidelines. Soil decommissioning guidelines have not been established for AI, Fe, Mn,

Na and Sr. These clean-up levels were developed for the decommissioning of industrial-

commercial land for residential and park use. Soil concentrations below these guidelines

would not be expected to be phytotoxic or pose any threat to animal or human health.

In relation to these guidelines, even the highest soil concentrations of Cd, Cr, Co, Cu, Pb,

Mo, Ni, V and Zn are low and of no immediate concern.

The soil results for 1991 are compared with the corresponding previous survey results in

Table 21. This table shows that soil metal concentrations in the survey area generally

have increased since 1980. The largest increase, overall, occurred at Site 1, which is

located just north of IVACO. At this site, soil concentrations of Cr, Cu, Fe, Ni and V,

which were below the rural ULNs in most previous years, are marginally above the ULNs
in 1991. Soil concentrations of Cd at Sites 1 and 12 appeared notably higher because
of the low values in previous years. In spite of the Cd increase at some sites, even the

highest concentrations (1.5-2 ppm) were within a normal range (< 3 ppm) in 1991.

Summary

In summary, the moss bag survey revealed that IVACO operations during r^ay to

November 1991 were a source of Cr, Cu, Fe, Pb and Zn emissions. At moss sites close

to IVACO, Fe showed the greatest increase, on average, above the remote site and
baseline means. In spite of this, there was only a single exceedance of the njral Fe ULN.
The moss bag data suggested that IVACO was a more consistent source of Cu, Pb and
Zn (particulary Zn) than of other metals, based on the number of exceedances of the rural

ULNs. In relation to the urban ULNs, only a few Cr results were marginally elevated. In

tree foliage, only the rural ULNs for Fe and Na, and the urban ULN for Mn (no rural ULN



established), were marginally exceeded at a few sites. The moss/foliage results indicated

that IVACO metal emissions during the six month study period were minor in regards to

their impact on the terrestrial environment. Compared to previous years, metal

concentrations in moss bags and tree foliage were decreased overall, indicating that

IVACO metal emissions were lower in 1991.

Overall, metal concentrations in surface soil have increased marginally from the initial

1980 data. Soil concentrations of Cr, Cu, Fe, Mn, Ni and V at a few sites exceeded the

rural ULNs in 1991. However, adverse effects would not be anticipated as even the

highest soil concentrations of these metals were only marginally higher than the rural

ULNs and/or were well below the effects-based MOE soil decommissioning guidelines.
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Table 2: Aluminum Concentrations (ppm) In Moss Bags: May-November, 1991



Table 4: Chromium Concentrations (ppm) In Moss Bags: May-November, 1991



Table 6: Copp«r Concentrations (ppm) In Moss Bags



Table 8: Lead Concentrations (ppm) In Moss Bags: May-Novemb



Table 10: Molybdenum Concentrations (ppm) In Moss Bags: May-November, 1991



Table 12: Sodium Concentrations (ppm) In Moss Bags: May-November, 1991



Table 14: Vanadium Concentrations (ppm) In Moss Bags











Table 19: Comparison of 1991 Maple Foliage Results with Corresponding Previous Survey Results.





Table 21: Comparison of 1991 Soil Results with Previous Survey Results
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